We use X-ray Excited Luminescence Microscopy to investigate the elemental and layer resolved magnetic reversal in an interlayer exchange coupled (IEC) epitaxial Fe/Cr wedge/Co heterostructure. The transition from strongly coupled parallel Co-Fe reversal for Cr thickness t Cr < 0.34 nm to weakly coupled layer independent reversal for t Cr > 1.5 nm is punctuated at 0.34 < t Cr < 1.5 nm by a combination of IEC guided domain wall motion and stationary zig zag domain walls. Domain walls nucleated at switching field minima are guided by IEC spatial gradients and collapse at switching field maxima.
been no layer resolved magnetic imaging studies of epitaxial structures in magnetic fields of several hundred Gauss. Such capabilities will be important for future studies investigating integrated multilayered 7 hybrid ferromagnetic semiconductor devices 8 and will enable isolation of the fundamental physics from domain and defect driven effects 1 .
In this letter, we demonstrate layer resolved domain imaging of an epitaxial Fe(10 nm)/Cr(0-4 nm)/Co(10 nm) wedge structure deposited on GaAs in applied magnetic field > 400 G using X-ray Excited Luminescent Microscopy (XELM) 9 . This system is of interest due to demonstrated electrical spin injection from the Fe layer into GaAs and the presence of a coupled electronic-nuclear spin system found in GaAs 8, 10 . In recent years, studies of Fe/Cr/Co structures deposited on MgO showed that the Co magnetization has fourfold-anisotropy 11 and provided evidence for both short and long period Cr thickness dependent oscillations. Further analysis in Ref. 11 was complicated by suspected formation of domains. Here, we use XELM to demonstrate the presence of unique Cr thickness dependent domain structure in both Co and Fe as proposed in Ref. 11 . For strong ferromagnetic IEC at Cr thickness t Cr < 0.34 nm, the Fe and Co magnetizations are parallel for all applied magnetic fields with switching described by domain wall motion. For t Cr > 1.5 nm, the IEC is much weaker and is well approximated by an effective applied magnetic field. The Fe reversal is adequately described by the macro moment approximation while the Co nucleation field is shifted by an IEC induced effective applied magnetic field. For Cr thickness in the range 0.5 -1.5 nm, we observe spatial IEC gradients that guide domain walls nucleated at coercivity minima toward coercivity maxima where the domains collapse. The Fe and Co switching fields oscillate with ~2 nm t Cr period.
XELM is a powerful imaging method that uses the element sensitivity of x-ray circular dichroism to image the magnetization. In this technique, the underlying substrate serves as both a scintillator whose luminescence is used to form an image of the x-ray transmission as well as a lattice matched support enabling epitaxial deposition of the magnetic layers. In heterostructures where each layer contains a unique element, the elemental resolving power maps to layer resolution. XELM is well suited for studying epitaxial heterostructures, as its ability to image with elemental and magnetic contrast is not limited to samples with x-ray transparent substrates necessary for TXM 6 or weak pulsed fields required for PEEM 5, 4 .
II. Experiment
An Fe(10 nm)/Cr(0 -4nm)/Co(10 nm) epitaxial tri-layer was grown on n:GaAs (100) using MBE deposition with a base pressure of 3x10 -10 torr at a deposition rate of 0.4 nm/min and at 150° C. A 7 mm long Cr wedge was made using a linear shutter and 3 nm MgO cap was deposited at 110° C. The GaAs substrate was annealed prior to deposition at 600°C in a separate chamber with a base pressure of 4x10 -10 torr for one hour for oxide removal and surface annealing. Epitaxial deposition was verified by RHEED and depositions rates were measured using a crystal monitor. Fe growth on GaAs (100) is in the BCC structure 12 with crystalline (11 ̅ 0) and (110) in the plane of the film as shown in Figure 1 (b). Cr growth on Fe is in the BCC (100) structure as well 11 and the wedge gradient is parallel to the (11 ̅ 0) direction. The first 3 nm of Co grows in the HCP structure with the C (hard) axis randomly oriented parallel with the Fe (110) and (11 ̅ 0) planes 11, 13 . Similar Co growth on Cr has been found for Co thickness up to 100 nm 14 . XMCD reflectivity and XELM measurements were performed at IEC guided domain wall motion, 2) the Co transition to nucleation, and 3) Fe zig zag domain walls.
Magnetization curves extracted from the images by graphing the pixel intensity against the applied field are shown in Figure 3 (a).
III. Results
In Figure 2 (h), we show the elemental specific XMCD magnetization curves measured in reflectivity. 
IV. Discussion
To understand the effects of coupling on the magnetization and switching field, we recall the macromoment approximation for the magnetic free energy, F mag , of an exchange coupled tri-layer thin film structure 11 : configurations. In the macro-moment approximation, the magnetization is uniform and the shape anisotropy arising from dipolar interactions is implicit by restriction of the magnetization parallel to the thin film plane.
When the macro-moment approximation is not applicable, the magneto-static, intra-layer exchange, crystalline anisotropy, and IEC, compete with each other resulting in a wide variety of different domain structures 17 16 .
In the thin Cr spacer limit, t Cr < 0.34 nm (Figure 2(a-b) ), the Fe and Co domain structure are identical indicating strong ferromagnetic pinhole coupling that keeps both layers parallel for all applied fields (i.e.
 Fe  Co ). Here, the system behaves as a single layer with a single effective anisotropy constant. We observe the magnetization reversal in this region is caused by domain wall motion which reduces the Co coercivity away from high field nucleation processes. The zig zag domains point parallel to the applied field reducing magnetic charge density from head on head magnetization 16 .
In the thick Cr layer limit, t Cr > 1.5 nm, the IEC coupling is sufficiently weak for the reversal mechanism to be accurately described by uncoupled Fe and (Figure 3(b) ). Additionally, this is same t Cr where the Co reversal mechanism changes from domain wall motion to nucleation (Figure 2(f) ). Compared to the domain walls for t Cr < 0.34 nm, this zig zag domain wall geometry has a component that points along ŷ as shown in Figure 2 (g). Here, the crystalline anisotropy rotates the magnetization towards an easy axis, creating a magnetic dipole disfavored head on head component. Since the IEC here at thicker Cr is insufficient to force the domain parallel to the equal IEC energy contour, the wall folds into a zig zag to reduce the head on head magneto-static charge density.
V. Conclusion
In conclusion we have imaged the layer resolved magnetization field dependence of an epitaxial IEC 
